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Received 15 July 1991
Abstract. A comparison of QCD parton models with events including a high transverse momentum trigger particle is performed. The data were obtained with the Split Field Magnet (SFM) detector at the CERN ISR. The effective intrinsic transverse momentum, (kr~, of a parton is found to be about 1 GeV/c from an analysis of inclusive cross sections based upon lowest order partonparton scattering. Large values of (kr) are also needed to obtain a good description of the particle density in the azimuthal hemisphere opposite to the trigger. The measured recoil of the spectator jets tends to require much smaller values of (kr). The model is improved by including higher-order QCD effects. Thus, starting from (kr) = 0.45 GeV/c, an effective (kr) of about 1 GeV/c at hard scattering is generated through perturbative parton showers, which provides a consistent description of the measurements in full phase space. This analysis shows therefore that well-known problems of lowest-order QCD calculations can be resolved by inclusion of higher-order effects. 
I Introduction
The production of mesons and baryons at high transverse momentum, Pr, in pp interactions is well described by the parton model [1] [2] [3] [4] . The simplest form of the parton model involves factorization of the beam protons into quasi-free partons, the hard scattering of two partons, and the fragmentation into observable hadrons of both scattered and non-participating partons (Fig. la) . Quantitative investigations of the model generally rely on Monte Carlo simulations. The partons inside a hadron are usually assumed to acquire transverse Fermi motion, kr, due to the confinement within the hadron, with (kr)<0.45 GeV/c. The transverse momentum distribution is assumed to be of the form da ak 2 --oce dk~ commonly called a "Gaussian". Because of a bias introduced by the high Pr trigger, the inclusive cross section at Pr =< 5 GeV/c is sensitive to (kr); rather large values of (kr), i.e. about 1 GeV/c, have been derived from the data [2] . This puzzle of a large apparent mean intrinsic transverse momentum of the partons inside a proton is addressed here. The experiment is briefly described in Sect. 2. In Sect. 3 the inclusive cross section measurements are reviewed and an appropriate value of (kr) is extracted. A comparison between the simple parton model and data on the observed four-jet structure [5] is performed in Sect. 4. A solution of the k r problem is then sought in Sect. 5 in the framework of higher-order QCD with emphasis on overall consistency. The conclusions are summarized in Sect. 6, and some details of the Monte Carlo technique are presented in the Appendix.
Experiment
The experiment was performed at the CERN ISR using the Split Field Magnet detector. Only data taken at the maximum energy ]/s = 62 GeV were considered in this analysis. The detector included systems of multiwire proportional chambers in both central and forward regions which covered nearly the full solid angle, and several arrays of scintillation counters for time-of-flight measurements. Events with a charged particle with high PT were selected by trigger logic electronics using wire information near a polar angle 0 = 45 ~ relative to one of the beams. The trigger particle was identified by threshold Cerenkov counters. A counter filled with freon 114 at atmospheric pressure, having threshold momentum of 2.7 GeV/c for pions, was used for the separation of pions from kaons. An additional counter filled with freon 13 at 7.5 atm, corresponding to a threshold momentum of 1.3 GeV/c for pions, was used for the separation ofkaons from protons. Details of the detector and the trigger system may be found in [6] .
The data consist of about 135,000 events with identified charged pion, charged kaon, proton and antiproton triggers. However, only pion and kaon triggers with PT > 4 GeV/c are used in this analysis. All distributions presented in the following are corrected for acceptance. 
Trigger parfon

Inclusive cross section
Calculations based upon lowest-order QCD fail tO reproduce the observed pf" behavior (n,,~ 8) of the measured inclusive cross section at fixed xr=2pr/]fs and polar angle 0 [7] . The difficulty originates from the parton-parton scattering matrix elements, which are proportional to l/t, where f is the t-channel momentum transfer squared. They correspond to n = 4. It has been suggested in [2] that the slope parameter of the inclusive cross section can be increased in the parton model by including Fermi motion of initial-state partons. A large momentum of the scattered parton towards the triggering device is favored, which may indeed be provided by the Fermi momentum, k T (Fig. la) . Thus, parton-parton scattering occurs at lower t, enhancing the inclusive cross section due to the t-pole of the lowest order scattering amplitudes. However, the Fermi motion only affects the lower Pr region and becomes negligible as PT becomes large compared to k T. Calculations [2] have actually confirmed this expectation, but the predicted inclusive cross section still does not drop as strongly as the data at pT> 3.5 GeV/c. A remedy for this problem comes from measured scalebreaking effects. In perturbative QCD scale-breaking, i.e. a dependence on Q2, a four momentum transfer squared on the parton level, is expected e.g. for parton distributions, structure functions, and the coupling constant. Larger values of PT correspond to larger values of Q2. Inclusion of scale-breaking effects in the parton model yields therefore a significantly stronger dependence on PT of the inclusive cross section, such that agreement between patton model and experiment is achievable [8] .
With the shape of the inclusive cross section fixed at higher PT, the slope at lower PT can be adjusted by a variation of (kr). In [9] , the approach to the pole at small/was avoided by a cut in ~ When PT is significantly larger than (kv) , an elimination of the tail of the k T distribution is equivalent.
In order to extract an appropriate value of (kr), an efficient Monte Carlo program has been developed in the framework of the parton model. It was optimized by extensive use of the importance sampling method. The parton structure functions used are the CDHS [ 10] and DukeOwens set 1 [11] parametrizations with scale breaking. The fragmentation functions are the ones used in [12] , where the scale-breaking effect was determined from measurements of e+e -annihilations. The Monte Carlo program is summarized in the Appendix with a complete description given in [8] .
With this MonteCarlo program measured inclusive cross sections for different mesons at various energies and polar angles can be reproduced using a K-factor of 2 [8] .
For the present analysis, the minimum pr is chosen to be 4 GeV/c, which is significantly larger than (kr). The calculated inclusive cross section for ~z + production at different values of PT is displayed in Fig. 2 as function of (kT). The dashed line comes from a fit to the data [13] of the functional form prSe-"XT 9 A value of (kr) ~0.3 GeV/c, as suggested by the uncertainty principle, provides good agreement with the data beyond
